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ABSTRACT

In many applications, particularly spacecraft, it is im-
portant to minimize power consumption. Turning off the
power to parts of a digital system when they are not in use
reduces overall power drain. Also, data transfer between
sections of a digital system can be accomplished without
gates by appropriate switching of power supply voltages.
This reduces power drain and complexity by eliminating the
need for many gate functions. With power switching, in-
tegrated circuits can be used in applications which would
otherwise require discrete component circuits because of
power constraints. The optical aspect computer of the
Anchored Interplanetary Monitoring Platform spacecraft is
an example of the saving that power switching can produce;
power drain is reduced from 1.3 watts to 0.3 watts. This
computer would have been impractical without the use of
power switching.
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POWER SWITCHING IN DIGITAL SYSTEMS

by
Rodger A. Cliff
Goddard Space Flight Center

INTRODUCTION

It is important that digital systems in spacecraft, and many other applications, for that matter,
dissipate as little power as possible. The power system of a spacecraft consists of batteries and
solar cells, both of which are heavy. Unfortunately, the cost of the rocket to launch a spacecraft
increases steeply with increasing payload weight. Therefore it is imperative to conserve power
wherever possible. One very useful method of reducing power consumption is to turn ofi the var-
ious parts of a digital system when they are not in use. This method is particularly useful for
systems with integrated circuits, since most integrated circuits consume more power than their
discrete component counterparts. For instance, compare a typical integrated circuit flip-flop which
consumes 3 mw with a discrete component flip-flop which consumes 500 xw. Power switching per-
mits using integrated circuits, with their size and weight advantages, in applications which would
previously have been restricted to discrete components by power dissipation constraints.

THE AIMP OPTICAL ASPECT COMPUTER

The Anchored Interplanetary Monitoring Platform (AIMP) spacecraft is a small payload of
about 200 1bs. which is scheduled to be put into orbit about the moon during 1966. This spacecraft
will investigate the interplanetary magnetic field, solar plasma flux, interplanetary dust distribu-
tions, solar and galactic cosmic rays, and the magnetohydrodynamic wake of the earth in the
vicinity of the moon.*

This spacecraft is spin-stabilized by rotation about its axis of largest moment of inertia.
Spacecraft orientation and position at any instant are determined by an optical aspect system.
This system makes optical measurements on the earth, the moon, and the sun. Data from these
measurements are collected and stored in a subsystem called the optical aspect computer.

Because the spacecraft is small, the weight, size, and particularly the power consumption of
all subsystems are severely limited. Only 4.3 watts of average power is allowed for the five

*Madden, J. J., “AIMP Summary Description,” GSFC Document X-672-65-313, August, 1965.



scientific experiments. All of the instruments
together, including the optical aspect system,
are allowed 1.3 watts average. The optical
aspect system itself is allotted 950 mw average.
Since the optical aspect computer is only one-
third of the optical aspect system, its power
consumption must be in the neighborhood of
300-400 mw.

In order to meet the power consumption re-
quirements, the optical aspect computer uses
power switching techniques to great advantage.
This subsystem contains a 120-bit shift-register
buffer memory and 105 bits of data accumu-
lators. There are two modes of operation. In
Mode I, data are collected in the accumulators
and then transferred in parallel to the buffer
memory. The buffer memory stores this in-
formation until it is time to shift the data out
into the telemetry system. In Mode II, serial
data are read into the buffer memory, stored,
and then shifted out into the telemetry sys-
tem. Figure 1 shows these two modes of

operation.

Power Savings In the AIMP Optical Aspect
Computer

The power savings which can be obtained
by using power switching are outlined in Table
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Figure T—AIMP Optical Aspect Computer.

1. In either Mode I or Mode II, there is a constant dissipation of about 100 mw. This power is con-
sumed by amplifiers for synchronization signals which come from the telemefry system. No
savings can be realized here because these circuits must always be energized.

The buffer memory, however, has a duty cycle ratio of 1/8 in Mode I and a duty cycle ratio of
3/8 in Mode II. When it is energized, it consumes 600 mw. This means a saving of 525 mw can
be obtained in Mode I, and a saving of 375 mw can be obtained in Mode II if the buffer is de-
energized when not in use. Turning off the power to the data accumulators, which consume 320 mw,
produces a similar saving. In Mode I, the duty cycle ratio of the accumulators is 1/4; hence,
240 mw can be saved by using power switching, In Mode II, the accumulators are not used at all;

therefore, 320 mw can be saved.
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Table 1

Power Savings Resulting from Power Switching in AIMP
Optical Aspect Computer.

Mode I
Power Drain Power Drain
D Cycl P
Load Category Without ugati}(,) e with Qa?,:vnel;
Power Switching Power Switching = &
Always on 100 mw 1 100 mw 0
Buffer Memory 600 mw 1/8 75 mw 525 mw
Accumulators 320 mw 1/4 80 mw 240 mw
Data Transfer Gates 320 mw 0 0 320 mw
Total 1340 mw 255 mw 1085 mw
Mode II
Always on 100 mw 1 100 mw Q
Buffer Memory 600 mw 3/8 225 mw 375 mw
Accumulators 320 mw 0 0 320 mw
Data Transfer Gates 320 mw 0 0 320 mw
Total 1340 mw 325 mw 1015 mw

Hardware Savings In the AIMP Optical Aspect Computer

The Data Transfer Gates entry for both modes in Table 1 represents a double saving which
results from using power switching. Because the parallel data transfer between the data ac-
cumulators and the buffer memory is controlled by switching the power, no data transfer gates are
required. (For an explanation of how this works, refer to the paragraph Data Transfer By Power
Switching.) This not only saves 320 mw, which would be dissipated in the gates, but also saves
105 gates—a significant decrease in complexity.

The AIMP optical aspect computer would have been impractical without the use of power
switching. Not only would it have consumed too much power, it would not have met size and weight
requirements. The use of power switching reduced the average power drain of the computer from
1.3 watts to about 300 mw—a saving of more than 4 to 1. It also eliminated 105 gates, thus making
it possible to construct the computer in a single package. This reduced weight and volume and
also increased reliability by eliminating a large number of inter-package connections. Further-
more, the power saving was great enough to permit building the computer with monolithic in-
tegrated circuits in order to reduce the weight and size still further.

POWER SWITCHING CIRCUITRY

Series Power Switch

Some sort of power switch circuit is necessary if parts of a system are to be turned on and
off. Figure 2 shows a series power switch. When the control voltage is at ground, Q, is cut ofi,
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and therefore so is Q,. The switched power is
off, and no power is dissipated in the switch or
in the part of the system fed from the switched
power. On the other hand, when the control
voltage is positive, Q, turns on and saturates
Q,, thereby turning on the switched power. If
the switched power has a low duty cycle ratio,
then considerable power may be saved by using
these switches.

Risetime Control

Several improvements need to be made to
the simple series switch before it is applied to
power switching in a complex digital system.
First, a capacitor, C,, can be added as shown
in Figure 3 to control the risetime and fall time
of the switched power. Figure 4 shows the con-
trol and power waveforms before the capacitor
has been added, and Figure 5 shows the same
waveforms after the capacitor has been added.
The settling time of the circuits being turned on
and off by the power switch can be minimized by
an appropriate choice of the rise and fall times
of the switched power.

Reset Output

A second improvement is made by provid-
inga resetoutput sothatevery time the switched
power is turned on, a reset pulse is available
to set the digital circuitry to the proper initial
conditions. The circuit is shown in Figure 6.
Notice that the reset output is obtained with the
addition of only one transistor and one diode,
which operate as follows. During the time that
the switched power is turning on, current flows
from the collector of Q, through the emitter
and base of Q, and discharges C,. As long as
the voltage at the collector of Q, (the switched
power) continues to rise, the current through
the base of Q, continues to flow into C_, and

+Vee 2 = SWITCHED
POWER
Ry
CONTROL A~ Q,
VOLTAGE Rz ]j_
Figure 2—Series power switch.
o
+Vee — > SWITCHED
POWER
[
RISETIME CAPACITOR
CONTROL AN
VOLTAGE R,
Figure 3—Series power switch with
risetime control.
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Figure 4—Series switch waveforms.
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Figure 6—Series power switch with risetime and
reset output.




Q; is turned on. Therefore, the reset output CONTROL

A T
follows the rise of the switched power output. VOLTAGE |
SWITCHED
When the switched power reaches its maximum POWER / —\
value, Cy is fully discharged, the base current
RESET A

of Q; ceases, Q; turns off, and the reset output | -
returns to ground. Figure 7 shows the wave-
forms. The diode D, is provided to recharge
C when the switched power is turned off again.

Figure 7—Reset added.

+Vee > SWITCHED

POWER

Turn-0ff Delay

The usefulness of the series power switch
can be increased by adding circuitry to delay
the turn-off of the switched power. If informa- conNTROL
tion is to be transferred between two parts of a  VOLAGE

digital system, the power must at some time be

on in both parts simultaneously. It is often con-
venient, however, to have the same event which

turns off the power to one section of a system
also be the event which turns on the power to Figure 8—Series power switch with turn-off delay.
the next section. Turn-off delay in the power
switches relaxes the restriction that control

signals must overlap. This can greatly simplify conrmrOL

the logic which generates the control signals. VOLTAGE .
SWITCHED
POWER J |

Figure 8 shows how turn-off delay is ob- i

tained. When the control signal is at ground and .
. . . Figure 9—Turn~off delay.

the switched power is off, C, is charged, and no
current flows anywhere in the circuit. Then,
when the control input goes positive, Q, is turned on through R, and D ,» thus turning on Q, and
the switched power. @, is also turned on, discharging C, through Q4 and D,. The steady state
reached when C, has discharged continues until sometime later when the control signal returns
to ground. The base drive to Q, through R, and D, ceases; but now, Q, has ceased conducting,
and base drive to Q, continues through R,, C;, and D;. Therefore, the switched power stays on,
even though the control input is at ground again. When C; becomes fully charged, current stops
flowing through it to the base of Q,, and Q, turns off. That turns off Q,, which turns off the switched
power. The delay time is determined by the time constant R, C,,. Figure 9 shows the control and
power waveforms.

The Complete Power Switch

The complete power switch circuit appears in Figure 10. Risetime control, reset output, and
turn-off delay are all provided. Figure 11 shows the control, switched power, and reset waveforms.
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POWER / L
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VOLTAGE Q
5_2 RISETIME CAPACITOR Figure 11—Complete circuit.

Observe that when the control voltage goes pos-
itive, the switched power and the reset output
rise together. Then when the switched power
Figure 10—Complete power switch circuit. reaches full value, the reset turns off, and com-

putation can begin. After computation is com-
plete, the control voltage returns to ground. During the turn-off delay interval, data resulting from
the computation are transferred from the section of the system controlled by this power switch into
the next section. At the end of the turn-off delay interval, this power switch turns off, and no
further power is dissipated in it or in the section of the system which it controls.

Data Transfer by Power Switching

Let us consider the use of power switching in a little more detail. We will assume that we
have a digital computer with two sections, labeled A and B in Figure 12. Each section has its own
power switch, and each power switch has an appropriate control input. The important waveforms
are shown in Figure 13. When the Control A voltage goes positive, Computer Section A is turned
on and reset. Then data enter Section A, and computation occurs. After the computation in Section
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Figure 12—Power switches in digital system.
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A is complete, Control A returns to ground, and ;
i J
Control B goes positive. Computer Section B is CONTROL A <
turned on and reset. The power to Section A is CONTROL B |
still on because of the turn-off delay in Power - :
SWITCHED —_
Switch A. POWR A | | P
SWITCHED ' —_—
Figure 14 shows how the data transfer from POWER B */ S
Section A to Section B through the action of the RESET A 1 '
power switches. One stage of a register is :
shown in the dashed box labeled Section B. RESET B M
When the power to Section B is turned on, the '

Reset B signal insures that this register stage
will be in the "0" state if there is a "0" (no
voltage) at the output of Section A. On the other
hand, if the output from Section A is a 1" (+ voltage), then as soon as the Reset B signal is re-

moved, the register stage is set to the ''1" state. When the power to Section A is turned off at the

end of the turn-off delay interval, Section A has no further effect on Section B, and computation
can proceed in Section B.

Figure 13—Power switch waveforms in digital system,

These techniques are not limited to a system with two sections, of course. Any number of
sections may be cascaded, or even connected into recirculating loops. Not only can power switch-

ing be used to reduce average power consumption, but also it can be used to eliminate the need
for many data transfer gate circuits.
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Figure 14—Data transfer.
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SUMMARY

Power switching is a valuable technique because it reduces average power consumption. At
the same time, it permits the elimination of many gate functions. This has the secondary advantage
of reducing complexity. Power switching is particularly attractive where computation can be done
sectionally and where large amounts of data are transferred between sections in parallel.

(Manuscript received January 7, 1966)

8 NASA-Langley, 1966
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